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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the ripple voltage of a booster 
circuity by the charge pump method. . 

SOLUflOisi: This booster circuit of the charge pump method changes a 
repetitive frequency of a charge pump clock in response to an increase 
or a decrease in the ripple voltage to obtain an optimum ripple voltage. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A booster circuit and the ripple voltage detector which detects the ripple voltage of a 
pressure-up electrical potential difference, The low pass filter circuit which changes the output voltage 
of said ripple voltage detector into direct current voltage. When said direct current voltage and . 
reference electrical potential difference are compared and said direct current voltage becomes more 
than said reference electrical potential difference, a clock change signal A generating **** comparator 
circuit. The clock change circuit which changes the charge pump clock of the booster circuit by the 
charge pump method according to said clock change signal, The booster circuit characterized by having 
the level shift circuit which changes the voltage level of said charge pump clock into the operating 
voltage level of the booster circuit by the charge pump misithod. 

[Claim 2] The booster circuit according to claim 1 characterized by giving voltage gain to said ripple 
voltage detector. 

[Claim 3] The booster circuit according to claim 1 characterized by making adjustable the reference 
electrical potential difference of said comparator circuit. 

[Claim 4] The booster circuit according to claim 1 characterized by making the reference electrical 
potential difference of said comparator circuit into plurality. 

[Claim 5] The booster circuit according to claim 1 characterized by making into plurality the number of 
clocks which siaid clock change circuit changes. 

[Claim 6] The booster circuit according to claim 1 characterized by making the clock change signal of 
said clock change circuit into the trigger signal of arbitration. 

[Claim 7] The booster circuit according to claim 1 characterized by enabling it to write the reference 
electrical potential difference of said comparator circuit by software actuiation of KOMPI-T A. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 
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^ [Field of the Invention] This invention relates to the booster circuit by the cellular phone, the pocket 
bell, and charge pump method like a pager mainly used for a low-power mold device. 
[0002] 

[Description of the Prior Art] The configuration of the booster circuit by the general charge pump 
method is shown in drawing 2 . Here, taking the case of a pressure up, it explains 3 times. With the signal 
reversed by inverter circuit h, and the signal which is not reversed, rel SHIBEFUTO of the charge pump 
clock CL 1 is carried out in the rel SHIBEFUTO circuit 8. it drives the booster circuit 9 of a charge 
pump method, and generates the pressure-up output voltage Vout. The load (RL) 10 is connected to the 
pressure-up output voltage Vout. g8 is an analog switch group which changes a pump to charge of the 
charge of the capacitors C1 and C2 for charge pumps from said nine booster circuitgl. The analog 
switch with which the odd number is added is an object for charge of a charge, and an analog switch 
[ that the even number is added ] is an object for the pumps of a charge. At this time, the pressure up 
of the power source VDD is carried out to twice and 3 times, and the pressure-up output voltage Vout 
occurs. The pressure-up output voltage Vout is charged by the smoothing capacitor 03, and turns into 
an electrical potential difference of a load 10, 
[0003] 

[Problem(s) to be Solved by the Invention] When Load RL becomes small in the booster circuit by the 
charge pump method by the Prior art of drawing 2 and the load current increases, the charge charged by 
the smoothing capacitor 03 of a booster circuit 9 discharges in the charge period t1 of the charge pump 
clock OL 1, and the time constant t2 is a t2=03* equivalence load resistance value [sec] mostly. 
If set to a next door and t1>t2, a ripple voltage will occur in the pressure-up output voltage Vout. In 
order to decrease this ripple voltage, the capacity of the capacitors 01 and 02 and smoothing capacitor 
03 for the [Example 1] charge pumps is made to increase to a sake. 
[0004] [Example 2] Raise the frequency of the charge pump clock OL 1. 

Although can be considered, in [Example 1], the increment in a cost rise and power consumption, 
expansion of a mounting field, the increment in the power consumption by raising a frequency in 
[Example 2], etc. occur, and it becomes a demerit at a cellular phone, a pocket bell, and a low-power 
mold device like a pager. Therefore, a cost rise, expansion of a mounting field, the increment in power 
consumption, etc. are controlled as much as possible, and the booster circuit by the charge pump 
method with few ripple voltages of a booster circuit is needed. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned pi^bblem, this invention detects 
a ripple voltage, only when the ripple voltage more than constant value occurs in the pressure-up output 
voltage Vout, and it raises the frequency of a charge pump clock, andjt was made to decrease a ripple 
voltage. 

[0006] Since a booster circuit operates so that a ripple voltage may be decreased only when the ripple 
voltage more than constant value occurs, it can decrease a ripple voltage without the steep cost rise of 
a low-power mold device, expansion of a mounting field, the increment in power consumption, etc., and 
in the booster circuit by the charge pump method constituted as mentioned above, the booster circuit 
by the accurate charge pump method can offer compared with the booster circuit by the conventional 

charge pump method. — - - .r 

[0007] 

[Embodiment of the Invention] Hereafter, the concrete example of the booster circuit by the charge 
- pump method of this invention is explained based on a drawing. 

[0008] Drawing 1 is the example of the booster circuit by the charge pump method of this invention. 
Here, the example of a 3 time pressure up of supply voltage VDD is given for explanation. Since it is a 
known technique, the level shift circuit 2 mentioned later here does not illustrate a circuit Moreover, 
since a booster circuit 3 is also a known technique, detailed circuit description is omitted. The booster 
circuit by the charge pump method is already used widely. Charge and a pump are repeated for the 
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charge of supply voltage VDD with a charge pump clock to the capacitor for charge pumps, and the 
pressure up of deed supply voltage is obtained. 

[0009] By drawing 1 , the capacitors CI and C2 of a booster circuit 3 are equivalent to the capacitor for 
charge pumps. The both ends of capacitors CI and C2 are connected to analog switches g1-g8, the 
analog switch with^which the odd number is added is an object for charge of a charge, and the analog 
switch with which the even number was added operates as an object for the pumps of a charge. The 
gate of the analog switch with which, as for the gate of the analog switch with which the odd number is 
added, the even number is added at the charge pump clock S2 is connected to the charge pump clock 
SI, respectively, and 180 degrees of phases differ mutually [the charge pump clocks SI and 82 ] at 
inverter circuit e of the clock change circuit 1. Moreover, the level shift of the level shift circuit 2 is 
carried out to the pressure-up output voltage Vout from supply voltage VDD so that gS may be enough 
turned on and off from an analog switch g1. If the analog switch of an odd number is turned on, the 
smoothing capacitor C3 of the pressure-up output voltage Vout later mentioned at the same time 
capacitors CI and C2 are charged by supply voltage VDD will be separated by the analog switch gS, and 
the charge of a smoothing capacitor C3 will start discharge with a load 7. On the other hand, if the 
analog switch of an even number is turned on, an analog switch gS will be turned on at the same time 
capacitors CI and C2 perform the twice of supply voltage VDD, and a 3 time pressure up, respectively, 
and the charge of capacitors CI and C2 will be charged by the smoothing capacitor C3. 
[0010] the charge period t1 of the charge pump clocks 81 and 82 with which an analog switch becomes 
[ the charge charged by the smoothing capacitor C3 of a booster circuit 3 ] off — discharging — the 
time constant t2 — almost — Equivalence load resistance value [sec] of the t2=C3* load 7 becoming - 
- t1>t2 Or if the equivalence load resistance value of a load 7 becomes small and the load current 
increases, a ripple voltage will occur in the pressure-up output voltage Vout. This ripple voltage has a 
bad influence on the stability and precision of a booster circuit by the charge pump method of a low- 
power mold device. 

[0011] Impedance conversion only of the ripple voltage of the pressure-up output voltage Vout is 
carried out with an operational amplifier OPT by the capacitor 04 of the ripple voltage detector 4, and 
resistance R1, and the pressure-up output voltage Vout is ripple voltage VRIP. It becomes. Ripple 
voltage VRIP A high frequency component is cut by the capacitor C5 of the low pass filter circuit 5, and 
resistance R2, and it is changed into direct current voltage VDC. Direct current voltage VDC is 
compared with the reference electrical potential difference VREF which went to the comparator. circuit 
6 and was constituted by the resistance R3 of a comparator circuit 6,. and variable resistance RV 1, and 
if it is the direct-current-voltage VDC> reference electrical potential difference VREF, if it is the 
direct-current-voltage VDC< reference electrical potential difference VREF, it makes the change signal 
S3 Vss level at VDD level. The change signal 83 goes to inverter circuit d and AND circuit a of the 
clock change circuit 1. The charge pump clock CL 1 and the charge pump clock CL 2 are connected to 
the end of AND circuit a of the clock change circuit 1, and AND circuit b. [f the change signal S3 is Vss 
level, the charge pump clock CL 1 is forbidden by AND circuit a, since it is reversed by inverter circuit d, 
the level shift of another side and the change signal 83 is carried out to the voltage level to which gS 
can operate from the analog switch g1 of a booster circuit 3 by OR circuit c and inverter circuit e 
through AND circuit b in the level shift circuit 2, and they become the charge pump clock SI of a- 
booster circuit 3, and a clock S2. 

[0012] Since the ripple voltage of the pressure-up output voltage Vout increases when the repeat 
frequency of a clock S2 is set up here earlier than the repeat frequency of a clock 81 and the jpad _ 
current of a load 7 increases, as for the change signal S3, the charge pump clock 82 with a high repeat 
frequency is chosen in Vss level, as for the charge pump clock 81 of a booster circuit 3. and a clock 82. 
Consequently, since the charge conducting period of the smoothing capacitor 03 of a booster circuit 3 
is shortened, the ripple voltage of the pressure-up output voltage Vout decreases. 
[0013] If the load current of a load 7 changes in the reduction direction, since the ripple voltage of the 



-4- 



'pressure-up output voltage Vout will decrease, as for the change signal S3, the charge pump clock SI 
• ' with a low repeat frequency is chosen in VDD level, as for the charge pump clocks SI and S2 .of a 
booster circuit 3. ' ' - w 

[0014] From the above thing, if the ripple voltage of the pressure-up output voltage Vout increases, the 
repeat frequency of a charge pump clock will be made high, and the booster circuit by the charge pump 
method will operate so that a ripple voltage may be decreased, however, a system operates to return 
the ripple voltage of since for the repeat frequency of a charge pump clock to be written highly and for 
the power consumption of a system to increase, if for the ripple voltage of the pressure-up output 
voltage Vout to fall from the reference electrical potential difference VREF, even if it to lower the 
repeat frequency of a charge pump clock again. Thus, controlling the increment in power consumption of 
the booster circuit by the charge pump method, the ripple voltage of the pressure-up output voltage 
Vout can be decreased, and it becomes a demerit at a cellular phone, a pocket bell, and a low-power 
mold device like a pager. The booster circuit by the charge pump method with sufficient constancy with 
few ripple voltages and precision can be offered controlling expansion of the mounting field by the 
increment in capacity of a capacitor, the increment in **********, etc. as much as possible. 
[0015] 

[Effect of the Invention] As mentioned above, controlling the increment in power consumption of the 
booster circuit by the charge pump method, according to this invention, the ripple voltage of the 
pressure-up output voltage Vout can be decreased, and it becomes a demerit at a cellular phone, a 
pocket bell, and a low-power mold device like a pager. The booster circuit by the charge pump method 
with sufficient constancy with few ripple voltages and precision can be offered controlling expansion, an 
increment in power consumption, etc. in a mounting field by the increment in capacity of a capacitor as 
much as possible. 



[Translation done.] 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing of concrete operation of the booster circuit by the charge pump method of this 
invention^. 

[Drawing 2] Drawing showing the configuration of the pressure up by the conventional general charge 
pump method. 

[Description of Notations] ^ ^ ^ „ _ 

1 Clock Change Circuit Which Changes Charge Pump Clock 

2 Level Shift Circuit Changed into Operating Voltage Level of Booster Circuit 3 

3 Booster Circuit 

4 Ripple Voltage Detector Which Detects Ripple Voltage of Pressure-Up Electrical Potential Difference 

5 Low Pass Filter Circuit 
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f 6 When it Becomes more than Set-Up Reference Electrical Potential Difference, it is Generating**** 
Comparator Circuit about Clock Change Signal. ' 

7 Clock Change Circuit Which Changes Charge Pump Clock of Booster Circuit 



[Translation done.] 
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